The idea of a 'global digital divide' is well accepted, and cross-country studies of determinants of differences in computer and Internet penetration have identified income, telecommunications infrastructure, and regulatory quality as key influencing factors. The policy implications from these studies are relatively blunt: get richer, have more telephones, and regulate telecommunications better. In this paper, we examine an alternative policy approach to bridging the digital divide, through organizational innovations that provide low cost Internet access in developing countries, within the existing levels of income, telecommunications infrastructure and regulatory environment. We use survey data from 500 individuals in four states of India: Haryana, Madhya Pradesh, Punjab and Rajasthan, to examine factors influencing patterns of computer and Internet use. The situations in which data was collected were ones where computer and Internet access was being provided by a developmental agency (government or nongovernment). We estimate logit and multinomial logit models, using explanatory variables such as income, household size, education, and occupation, as well as infrastructure factors such as quality of electricity supply, and availability of telephones and televisions. Thus we are able to go beyond simple analyses of penetration at the country level, to understand the microeconomics of computer and Internet use in rural India. In particular, by examining patterns of use, we are able to comment on the importance of network externalities for diffusion of computers and the Internet in these local rural contexts.
Introduction
The term 'digital divide' refers to inequalities in access and use of digital technologies such as personal computers, the Internet, and even, in the case of developing countries, telephones. Within developed countries, the focus has been on digital divides that line up with inequalities in income, but also factors such as race (e.g. Fairlie, 2004) .
In contrast to within-country divides, the concept of a 'global digital divide' focuses on inequalities in computer and Internet penetration across countries, particularly looking at differences between developed and developing countries. For example, in a recent, comprehensive study, Chinn and Fairlie (2006) use cross-country regressions to analyze a data set of 161 countries over the period [1999] [2000] [2001] . They find that a major portion of the global digital divide (in terms of levels of computer and Internet use) is explained by income per capita, with telephone density and regulatory quality following in importance as explanatory factors. The Chinn-Fairlie study is distinguished from most previous analyses by providing a ranking of causal factors in terms of importance, as well as by the use of a more recent and broader data set. However, the main conclusions from all such studies are relatively unsurprising, and the policy implications relatively blunt: get richer, have more telephones, and regulate telecommunications better.
An alternative approach to understanding how the digital divide may be reduced, or even bridged, is to examine microeconomic determinants of computer and Internet use, in situations where low cost Internet access in developing countries is provided by government or nongovernmental agencies. In assessing the cost-effectiveness of such efforts, or in designing them to make success more likely, understanding the motivations of individual users, and their patterns of use, is clearly important. In such cases, rather than relying on economic growth or country-level shifts in regulatory policies, the attempt is to overcome the digital divide within the existing conditions of income levels, telecommunications infrastructure and regulatory environment. On the supply side, it can be important to understand the factors that lead to commercial viability of rural Internet kiosks or telecenters (e.g. Kendall and Singh, 2006) . On the demand side, it is crucial to understand the characteristics of individuals or households that affect their choices with respect to using computers and the Internet. This kind of microeconomic analysis provides a more fine grained perspective on the factors that can influence the digital divide, beyond obvious ones such as per capita incomes. Identifying potential barriers to adoption when computer and Internet access are made available may help to generate policy recommendations that are achievable within the existing macro environment and without massive infrastructure investments which may prove unsustainable ex-post. This paper uses survey data from 500 individuals from locations in four different states of India (Haryana, Madhya Pradesh, Punjab and Rajasthan) to analyze the individual or household-level determinants of computer and Internet use, in situations where access has been provided by a developmental agency (government or nongovernment). 1 We have data on characteristics such as income, household size, education, and occupation, as well as infrastructure factors such as quality of electricity supply, and availability of telephones and televisions. We also have data on motivations for the use of computers and the Internet, including educational, commercial and governmental purposes. Thus we are able to examine how socio-economic characteristics affect choices of whether to use computers and the Internet, and, if so, for what purposes to use them.
The rest of this paper is organized as follows. In section 2, we provide some further discussion of our work and its contribution to the literature. In particular, we seek to explore microeconomic factors behind the digital divide, as well as implications of rural IT for development and the possible role of network economies of scale. Section 3 describes the data, including variables available, and summary statistics, as well as the econometric techniques used. Our empirical technique relies on logit and multinomial logit to model behavior with respect to computer and Internet use, and broad patterns of usage in each case. Section 4 presents the results of our econometric analysis. Key results are the importance of education and English fluency in supporting computer and Internet use, while income levels, age and gender seem to be less important. There is no evidence of usage patterns that require strong network effects to flourish. Section 5 is a summary conclusion, also outlining suggestions for future research. Mexico during the past 10 years, this country is still well behind other countries with similar development levels and, as has been the case in many countries, the deployment of IT has been very unequally distributed." (Mariscal, 2005, p. 423) . This observation ties in with the analysis of our paper, which focuses precisely on IT use by those in developing countries who may be left out even when IT penetration improves at the level of country averages.
Motivation and Literature

Data and Empirical Methods
Data
The data was collected in field surveys supervised and conducted by one of the authors (P.D. Kaushik). Residents of each survey region were asked a detailed series of questions pertaining to household socioeconomic characteristics, economic activities engaged in, and patterns of use of ICTs. Each of the four samples was collected in an area where a governmental agency or NGO provided computer and Internet access to the surrounding population via a centrally located internet kiosk. The computer and media usage patterns of respondents are described in Table 1 , which presents sample sizes and some summary statistics. It can be seen from Table 1 that each sample location has a fairly high proportion of computer and Internet users. In addition the sample is reasonably well-off, in the sense of having televisions and (less commonly) telephones. Individuals in the sample also rely to a considerable extent on newspapers for information. The picture is one of relatively sophisticated media consumers who might have many different reasons for recourse to the internet. Table 2 provides summary data on the initiatives that supported Internet access in each location. This consists of a mix of government and nongovernmental organizations. In addition to information about usage and patterns, we have collected data on various individual or household characteristics. The main variables are summarized in Table 3 . Further details of the variables and sample proportions are provided in an Appendix. 
Empirical Methods
The empirical analysis proceeds by using logit and multinomial logit regressions to analyze the choice to use computers, the choice to use the internet, and the choice between various categories of internet activity/service. We analyze each location separately, in order to allow for different local effects and the possibility of different structural relationships in each area. This permits us to make comparisons across locations to isolate similarities and differences in the factors that affect computer and
Internet use on the demand side.
We perform logit analysis for each of the binary decisions: whether to use a computer or not, and (of computer users) whether to use the Internet or not. For computer and Internet users, we also estimate multinomial logit specifications, taking into account three possible categories of use (see Table 3 ) to determine what factors drive individuals' internet needs.
Unfortunately the dummy variables in various categories are not perfectly comparable across survey sites. This was in most cases due to lack of responses in certain categories and multicollinearity concerns (e.g. when no respondents indicated having income greater than a certain level, the high income dummy had to be redefined with a lower cutoff for that site). The variable definitions for all sites and regressions were constructed to be as comparable as possible given these constraints. The exact definitions are given in the appendix. Table 4 shows results logit regressions for the determinants of computer usage at the four survey sites. While the survey methodology and questions were the same across sites, differences in local conditions in variables such as education and income required us to combine categories differently for the sites in the case of such variables. However, education and income categories are ordered in the same manner across regressions (e.g. the dummy Income 1 indicates less income than Income 2 if they are in the same regression, but may not be comparable levels of income across regressions). The omitted dummy in the cases of education and income is the lowest level in the category.
Results
Computer Usage
Though the results are not uniform across sites, some patterns do emerge. Higher levels of education are associated with higher computer use, though this coefficient is not significant in Punjab. Similarly, greater age is associated with less computer use except in Rajasthan.
Interestingly, television ownership has a negative (if insignificant) effect on the use of computers in three of the four sites. In Kendall and Singh (2006) Further, the coefficient on the variable indicating that the respondent reads English newspapers is also positive and significant in two of three regressions (Madhya Pradesh and Rajasthan).
It appears that computer usage does not differ significantly between men and women. In this sample however 181 men and only 19 women were surveyed so the power of the test is low. Table 5 presents results of the internet usage logit regressions. As with the computer usage regressions, the variable definitions are not exactly the same across sites (see Appendix A for exact definitions).
Internet Usage
The results of the internet regression tell a slightly stronger story than the computer use regressions. Here being female and less educated both seem to indicate lower recourse for accessing the internet, the parameters on these variables are significant in 2 of three regressions. Again, respondents who read both English and local language newspapers and those who own telephones use the internet more. The negative relationship between TV owners and cable connection owners also holds with the exception of Rajasthan where cable connection ownership is positively and significantly associated with internet use.
Age exhibits a mild positive association with usage of the internet in the regressions where it is a significant variable. The mixed results with this variable across the use computer and use internet regressions may indicate a non-linear relationship -it is likely the youngest and oldest have less recourse to internet and computers.
Unfortunately our data do not allow us to test a non-linear specification.
The conclusions drawn from the internet usage regressions are similar to those of the computer usage regressions. We find that media and communication consumption seems to be complementary with internet use with the exception of television ownership, possibly due to a budget constraint. We also find some evidence that women and less educated individuals use the internet less. The profile of internet user in these locations seems to be educated and media sophisticated men. Interestingly, income plays almost not role in internet or computer usage. This is likely due to the fact that internet usage is being subsidized at the sample sites by government or NGO support.
Purposes of Computer Use
These regressions are performed on subsamples of computer users, and the multinomial logit specifications seek to identify how particular characteristics affect the relative likelihood of different choices. Thus, the coefficients for any explanatory variable sum to zero across the four choices, which are educational, commercial, personal and other uses. Personal use includes general browsing, communication, and so on, while 'other' includes government-related activities, such as filling out application forms. In two of the case, Haryana and Punjab, the sample sizes are relatively small, and obtaining convergence required omitting many of the potential explanatory variables, because of insufficient variation within the sample, and multicollinearity problems. Hence, the final specifications presented in Table 6 vary considerably across the four states. The overall fit and explanatory power of the regressions is also quite low. Nevertheless, a few observations are possible.
First, in the case of Haryana, computer users who read an English language newspaper were less likely to do so for educational purposes, in contrast to the case in the Rajasthan location. There are no other significant effects in the case of Haryana, and the result for newspaper readers for that state may simply be an anomaly. In the case of television ownership, such computer users were more likely to have educational purposes in Punjab, in contrast to Rajasthan, where their use leaned toward commercial motives as their primary reason for computer use. In this case, the difference is understandable when one knows that Internet access was much poorer in the Punjab sample, and that those kiosk operators relied on educational offerings for revenue, while in the Rajasthan case,
Internet access was superior.
Owning a telephone skewed computer use away from commercial purposes in both Madhya Pradesh and Rajasthan, possibly reflecting the fact that a telephone is adequate for the most basic commercial purpose, namely price discovery. In fact, it is well-documented that mobile or fixed-line phones are an important source of such information (e.g., Economist, 2005; Jensen, 2005) . Other kinds of commercial uses, such as accounting, are not suited to shared-access kiosks, and trading or matching buyers and sellers did not occur in these locations.
We did not find significant gender effects on the pattern of usage, and the only age effect was in the case of the Madhya Pradesh sample, where younger computer users seemed to be less likely to have 'other' uses, which is consistent with these being weighted toward government-related activities. In particular, the Madhya Pradesh site is well known as one of the first attempts in India to provide rural e-governance services.
Income, education and computer ownership had no significant effects on the pattern of computer use. A reasonable conjecture, generalizing from the contrast with respect to educational purposes in the cases of Punjab and Rajasthan, is that usage patterns in such cases are more determined by supply conditions, including the quality of the infrastructure, and the nature of the applications made available. 6 Since the foregoing refers to computer usage patterns, the issue of network effects does not arise: for that we turn to patterns of Internet usage. Table 7 presents the results of multinomial logit regressions, which regress the various purposes for which the internet was accessed against the explanatory variables used earlier. Again, there were some problems with convergence of the estimates and in the case of Haryana and Punjab, the small sample sizes meant that some purposes were hardly represented in the sample. Thus, for Haryana we combined educational and personal usage of the Internet, and in Punjab, we combined educational and governmentrelated usage. The Haryana and Punjab data also exhibited the anomaly that Internet usage was reported to be greater than computer usage. Thus, the results for these two states may not be very reliable.
Purposes of Internet Use
In the case of Internet usage patterns, reading an English newspaper did not have any impact, except in the case of the Haryana sample, where such individuals were more likely to be skewed toward government-related use, and away from commercial purposes, though we offer caution about the robustness of such a conclusion based on that sample.
Again, there were no education effects on the pattern of usage in any of the four locations. Nor were age effects on patterns of use discernible: even in the case of Madhya Pradesh the negative impact of age on government-related usage is no longer significant (in contrast to Table 6 ). The positive connection between television ownership and educational usage in the Punjab sample is present for Internet usage as well, and the same sample reveals a negative impact of income on usage of the Internet for (miscellaneous) personal motives. Finally, the Rajasthan sample indicates that males were more likely to use the Internet for educational purposes, though the relevant coefficient is only significant at the 10 percent level.
Overall, it did not appear that there were strong observable factors influencing the pattern of Internet usage. In particular, there was no evidence that income or education had major impacts on usage patterns, and these patterns were not reflective of network effects in Internet usage. For example, individuals who participated in the market economy, through selling crops or livestock products, and individuals who used the internet for personal purposes (both, activities for which network effects might matter), did not have identifiably different patterns of Internet usage.
Conclusions
In this paper, we have used data on 500 individuals across four states in north and central India, to examine factors that influence computer and Internet use. By taking surveys in areas where computer and Internet services have been provided by NGOs and/or governmental agencies, we have been able to examine fairly rich usage data. An advantage of this kind of microeconometric exercise is that one is able to go beyond country-level differences, and focus on more precise behavioral effects. In the analysis undertaken here, access problems have been overcome to some extent, or are fairly homogeneous across individuals in any single location. However, there is still considerable variation in factors such as income and education, and we are also able to examine age and gender effects.
At the local level, income does not seem to be as important a determinant of computer and Internet use as is education. In addition to education, there is also strong evidence that some degree of English language fluency is important for IT usage. This conclusion is consistent with the observation that lack of local language content in developing countries may be an important contributing factor to the digital divide on the demand side, even when supply side constraints are mitigated. We did not find any evidence that age and gender are significant contributors to the digital divide in such local settings, though it is possible that there may be some sample selection biases inherent in a survey conducted by outsiders. Certainly, the samples were weighted toward males in all cases. The policy implications of these results are that education and local language content, combined with low-cost access to ICTs, may go a long way toward overcoming digital divides in developing countries.
When we examined patterns of computer and Internet usage, we found very few significant explanatory factors. In particular, there was no evidence that usage patterns might be skewed or constrained by an inability to benefit from network scale. In essence, rural users in such cases were able to find uses for computers that did not rely on networks at all, and network-based uses appeared to be targeted, or tapping into larger existing networks. 
